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This invention relates to a novel process and to novel 
products obtainable thereby. More particularly the in 
vention relates to a novel process for producing 4-thia 
‘naphtheneacetic acid, to the novel product per se, and 
novel intermediates produced in the process. 

It: is well known that certain derivatives of acetic acid, 
such as 3-indoleacetic acid, l-napthaleneacetic acid, 1 
naphthoxyacetic acid, and 2,4-dichlorophenoxyacetic acid, 
including the combined forms of these acids, for example, 
the salts, esters, and amides which are easily converted to 
the free acid form, are effective plant-growth regulants. 

Various of these acetic .acid derivatives are useful in 
stimulating root formation and development, preventing 
or‘delaying pro-harvest drop, in regulation of germination 
either to stimulate or inhibit sprouting, in the production 
of parthenocarpic or seedless varieties of fruits and ber 
ties, and for the control or eradication of unwanted plants 
or weeds. 

It has now been found that 4-thianaphtheneacetic acid 
(including the combined forms as set forth above.)rwhich 
is. produced according to the novel process of'the inven 
tion, is effective as a plant-growth regulant and is uniquely 
characterized by combining very high auxin activity as 
measured. in the hypocotyl curvature test [Weintraub, 
Brown, Throne, and Yeatman, Am. I. Botany 38: 435 
(1951)] and little or no formative activity (Molara less 
than 200) as indicated by the leaf-repression test [Brown 
and Weintraub, Botan. Gaz. 111: 448 (1950)]. 

2~thianaptheneacetic acid, melting point 141-2 degrees 
centigrade, and S-thianaphtheneacetic acid, melting point 
108-9 degrees centigrade, are known in the art .[see 

> Blicke and Sheets, J. Am. Chem. Soc. 70: 3768-70 
(1948),]. In these compounds, however, the acetic acid 
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group is attached to the thiophene ring whereas in the4- . 
thianaphtheneacetic acid of the invention, the acetic acid 
group is attached to the benzene ring.‘ Furthermore, the 
2- and 3-thianaphtheneacetic acids have relatively low 
growth activity as compared with B-indoleacetic acid and 
l-naphthaleneacetic acid [see Crook, Davies and Smith, 

Additionally, the novel 4 
thianaphtheneacetic acid of the invention cannot be. pre 
pared by the processes utilized in the prior art for pro 
ducing the 2- and 3-thianaphtheneacetic acids Esee also 
Crook and Davies, 1. Chem. Soc. 1937: 1697-8; Avakian, 
Moss, and Martin, J. Am. Chem. Soc. 70: 3075-6 (1948.); 
,Blicke and Sheets, 1'. Am. Chem. Soc. 71: 2856-9 (1949)]. 
“Furthermore the 3-thianaphtheneacetic ‘acid is reported 
:to. be phytotoxic [see Schlesinger andjMowry, I. 
Chem. Soc. 73; 2614-6 (1951)]. _ - I‘ 

The novel 4-thianaphtheneacetic acid of the invention 
‘may be represented by the following general formula: - 
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in which Z is selected from the class consisting of car 
boxyl, lower-esteri?ed carboxyl, lower-amidated carboxyl, 
neutralized carboxyl and carboxylic acid-halide radicals. 
Thus not only the free acids but also esters, amides, salts, 

, ‘and acid halides thereof are within the purview of the 
invention. The thianaphthene nucleus can be substituted, 
if desired, withjhalogen, alkyl, or alkoxy groups, e.g., 
?uorine, chlorine, bromine, iodine, methyl, ethyl, propyl, 
butyl, methoxy, ethoxy, propoxy, butoxy, and the like. 
The novel compounds of the invention are prepared 

from 6,7-dihydro-4(5)-thianaphthenone [Fieser and Ken 
nelly, J. Am. Chem. Soc. 57: 1611 (1935)], and a halo 
acetic acid ester by a Reformatzky reaction whereby a 
mixture of the corresponding esters of A4(5)-“-6,7-dihydro-. - 
thianaphtheneacetic acid and 6,7-dihydro-4-thianaph 
theneacetic acid is obtained. These esters can be'hydro 
lyzed to the corresponding acids. Both the esters and the 
acids can be separated and used as such or further proc 
essed to produce 4-thianaphtheneacetic acid and esters 
thereof. On subjecting the mixture of esters, or thein 
dividual esters, to dehydrogenation, the corresponding 
ester of 4-thianaphtheneacetic acid is obtained. The de 
sired 4-thianaphtheneacetic, acid is obtained by hydrolysis 
of its ester or by dehydrogenation of one or both of the 
intermediate acids ~(i.e.,, A4(5)"*-6,7-dihydrothianaphthene 
acetic acid and 6,7-dihydro-4-thianaphtheneacetic acid). 
Any of the thus-obtained 4-thianaphthenyl derivatives can 

procedures known in the art for converting organic sul 
?des, particularly diaryl sul?des, to sulfoxi‘des and, sul 
fones. See Hickinbottom, “Reactions of Organic Com 
pounds,” Longmans, Green, and Co., Ltd., London,,l193'6 
edition, pp. 1-14 and 115. The process can be represented 
by the following reactions and general formulas: ‘ 
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in which R represents the radical of an alcohol, that is, 
a radical which attached to a hydroxyl group forms an 
alcohol. Ordinarily R is methyl or ethyl in accordance 
with the usual practice in the Reformatzky reaction, 
although R can also be other lower-alkyl radicals, such 
as n-propyl, isopropyl, n-butyl, sec-butyl, l-methylbutyl, 
n-hexyl, 2-ethylhexyl, and the like. R also can be benzyl 
or like lower-aralkyl radical. R can also be an unsatu 
rated hydrocarbon radical such as allyl, Z-butenyl or like 
lower-alkenyl radical. Thus, in general, R can be any 
lower hydrocarbon radical. R can also be the radical 
of a mono-ether of a glycol or polyalkylene‘ glycol, such 
as 2'methoxyethyl, 2-ethoxyethyl, 2-butoxyethyl, 2-(2‘ 
ethoxyethoxy)ethyl, and like lower-alkoxyalkyl radicals. 

Representative haloacetic acid esters which can be 
employed in the aforesaid Reformatzky reaction include 
methyl bromoacetate, ethyl chloroacetate, ethyl bromo 
acetate, ethyl iodoacetate, butyl (n-, sec-, or tert-) bromo 
acetate, benzyl bromoacetate, propyl (n- or iso-) bromo 
acetate, and the like. The aforesaid dehydrogenations 
are advantageously carried out with chloranil, although 
other dehydrogenating agents can likewise be employed, 
including other quinones such as benzoquinone, naphtho 
quinone, and the like, and also including more vigorous 
dehydrogenating agents such as sulfur and selenium. 
The free acids obtained can be converted to amides 

and esters by the conventional amidation and esteri?ca 
tion techniques. Advantageously the acids can be con 
verted to the acid chlorides (or bromides) by reaction 

10 

20 

25 

30 

40 

45 

with thionyl chloride (or bromide) according to the" 
process well known in the art for this purpose, and the 
resulting acid halides then reacted with alcohols or am 
monia or amines (primary or secondary) to form the de 
sired esters or amides. The amides and esters can also 
be formed by direct processes using suitable catalysts 
and/or dehydrating conditions. Suitable alcohols and 
amines which can thus be utilized to form esters and 
amides include methanol, ethanol, n-propanol, isopropa 
nol, n-butanol, sec-butanol, 3-methyl-l-butanol, l-meth 
yl-l-butanol, n-hexanol, 2-ethyl-l-hexanol, 2-methoxy-,' 
2-ethoxy-, 2-butoxy-, 2-(2-butoxyethoxy)- and 2-(2-eth 
oxyethoxy)-ethanols, benzyl alcohol and the correspond 
ing primary amines, as well as dimethylamine, diethyl 
amine, di-n-propylamine, diisopropylamine, N-methyl-n 
propylamine, piperidine, pipecolines, morpholine, pyrroli 
dine, ethanolamine, diethanolamine, tris(hydroxymeth 
yl)methylamine, bis[tris(hydroxymethyl)methyl1amine, 
Z-amino-l-butanol, 2-amino-2-ethyl-1,3-propanediol, 2 
amino-2-methyl-l-propanol, ethylene glycol, 2-thiocyano 
ethanol, ethylenediamine, and the like. The-free acids 
can be reacted with suitable bases to form salts, includ 
ing lithium, sodium, potassium, calcium, barium, stronti 
um, and ammonium salts, and also including substituted 
ammonium salts such as are obtained from organic ni 
trogenous bases, including the amines mentioned above, 
as well as tertiary amines and quaternary ammonium hy 
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.4 
droxidcs such as tetramethyl- and tetraethylammonium 
hydroxide, pyridine, N-methylmorpholine, N-methyl 
piperidine, trimethylamine, triethylamine, tributylamine, 
and the like. Many of the above salts and in addition 
others such as those of magnesium, aluminum, iron, co~ 
balt, nickel, zinc, cadmium, mercury, and copper, can 
advantageously be prepared metathetically, e.g., by treat 
ing an aqueous solution of a soluble salt of the organic 
acid, such as the sodium salt, with an aqueous solution 
of an inorganic salt such as magnesium nitrate, nickel 
chloride, aluminum sulfate, ferric chloride, etc. 
The invention may now be more fully understood by 

reference to the following examples which are to be 
understood as illustrative only and not limiting. 

Example 1.-—Ref0rmatzky reaction of 6,7-dihydra-4(5) 
thianaphthenone with ethyl bromoacetate 

To a hot mixture of 48 grams of amalgamated zinc, 
twelve milliliters of ethyl bromoacetate, 400 milligrams 
of iodine, 200 milliliters of dry benzene, and 200 milli 
liters of dry ether, was added sixteen grams of 6,7-dihy 
dro-4(5)-thianaphthenone. While the mixture was re 
?uxed for two hours, 48 grams of amalgamated zinc and 
400 milligrams of iodine were added at each half-hour 
interval. Finally twelve milliliters of ethyl bromoacetate 
was added and the mixture was re?uxed for an additional 
period of 2.5 hours. The cooled mixture was decom 
posed with cold ten percent hydrochloric acid and the 
organic layer, combined with two benzene extracts of the 
aqueous layer, was washed with dilute ammonia water 
and ?nally distilled under reduced pressure. A mixture 
of isomers, namely, ethyl A4(5)'“-6,7-dihydrothianaph 
theneacetate and ethyl 6,7-dihydro-4-thianaphtheneace 
tate, distilled at 135-150 degrees centigrade at three mil 
limeters; yield, seventeen grams (73 percent). 

Analysis.—-Calculated for CIZHMOQS: C, 64.83; H, 
6.34. Found: C, 64.60; H, 6.46. 

In place of ethyl bromoacetate in the above example, 
there can be substituted other esters of bromoacetic acid, 
for example, the methyl, n-propyl, isopropyl, n-butyl, sec 
butyl, tert-butyl, and benzyl esters whereby the corre 
sponding 6,7-dihydro-4-thianaphtheneacetates and A46" 
6,7-dihydrothianaphtheneacetates are obtained. 

Example 2.—-Preparation of A46)"£6,7-dihydrothianaplr 
thegeacetic acid and 6,7-dihydr0-4-thianaphtheneacetlc 
ac: 

A two-gram sample of the mixture of esters, prepared 
according to the procedure of Example 1, was heated 
with ?fty milliliters of twenty percent sodium hydroxide 
solution until the organic layer disappeared and the solu~ 
tlon'was then acidi?ed with hydrochloric acid. The 
precipitated acids were extracted with ether. Evapora 
tron of the ether and recrystallization of the residue from 
glacial acetic acid yielded 1.4 grams (80 percent) of 
colorless acid, melting point 186-187 degrees centigrade. 

Analysis-Calculated for Owl-110023: C, 61.82; H, 
5.19. Found: C, 61.79; H, 5.22. 

Dilution of the acetic acid mother liquor with water 
deposited 200 milligrams (11 percent) of an isomeric 
acid in colorless needles, melting point 107-109 degrees 
centigrade. 

Analysis.—Calculated for CNHmOZS: C, 61.82; H, 
5.19. Found: C, 61.81; H, 5.35. 

These acids can be converted to 4-thianaphtheneacetic 
acid by dehydrogenation of the free acids, or their salts, 
esters, or amides, as more particularly set forth above, 
by the procedure of Example 3. 

Example '3.--Preparation of ethyl 4-thianaphlheneacetate 
A solution of twelve grams of mixed esters of Ex( 

ample l and 14.5 grams of chloranil in 100 milliliters 
of xylene was re?uxed for 36 hours. The cooled solution 
was ?ltered and distilled under reduced pressure to yield 
6.5 grams (55 percent) of ethyl 4-thianaphtheneacetate, 
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boiling point 130 degrees centigrade at; three millimeters. 

This ester can be utilized as a plant-growth regulant 
or by hydrolysis can be converted to 4-thianaphthene-. 
acetic acid. . _ - 

By following the above procedure using, in place of the 
mixed esters of Example 1, the other esters listed fol 
lowing Example 1, there are obtained the methyl, n-pro 
pyl, isopropyl,; .n-butyl, sec-butyLujtert-butyl, and .benzyl 
esters of 4-thianaphtheneacetic acid. I‘ v 3 

,Example 4.--Preparatpion of 4-thi-artaphtheneacetic'acizi 
The ethyl 4-thianaphtheneace'tate’ ‘of Example 3 was 

saponi?ed and acidi?ed‘by the’procedu‘r'e given in Ex 
ample '2. There was obtained 4.1 gramsf_(72 percent) 
of 4-thianaphtheneacetic acid v‘which ‘crystallized, from 
water in colorless needles, melting point '14'6—l_46.'5 de- > 
grees centigrade, . ,_ , _ . . . 

Analysis.-—Calculated ‘for C16H8OgS: “C, “62.47; "H, 
4.19. Found: C, 62.45; H, 4.35. 

This acid can be utilized as a plant-growth regulant. 
and as a substitute for l-naphthaleneacetic acid, but 
with the advantage of having little or no formative ac 
tivity. In extremely dilute,»v aqueous solutions or dis 
persions, ‘or other formulations »-well_ known in the agri 
cultural art, the free acid, or its salts, esters, and. amides 
can the used in ,the '“same ‘applications. ‘for which ' cor 
respondingly dilute formulations of ‘l-naphthale'neacetic 

. acid are 'used. ’ . 

Example 5.——Preparati0n of the sulfone <ofi-4-thiqnu’ph- > 
theneacetic .acid 
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A mixture of 500 milligrams of 4-thianaphtheneacetic 

acid, three milliliters of ‘glacial acetic acid, and'2.5 mil 
liliters of thirty percent hydrogen peroxide was re?uxed 

Crystallization. of the residue from water yielded 400 
imilligrams (70 percent) :of v‘the colorless .sulfone‘ of~-4 

~ .thianaphtheneacetic ‘acid, melting .point ?1’81udegrees cen 
tigrade. , a I 

. Analysis.-—>Calculated ‘for C10H8O4S: C, 53.56; H, 

3.59; FoundzlC,‘53.'35;H,~3;84. ‘By using a smaller amount, in the order'Yof'thest'oiclii 
ometric amount, of hydrogen peroxide,i.the'sulfoxide _is 
obtained, 7 ‘ ' ‘ ' 

'The sulfone and sulfoxide ‘thus produced ia'rel'als‘o "ac; 
tive as plant-growth'regulants. 

' Following the procedure ‘of Example 5, the .iA4(5),“-'6,7 
dihydrothianaphtheneacetic acid ‘and 6,7-dihydro-4-tliia 
naphtheneacetic acid are converted to their correspond... I 
ing sulfones and sulfoxides. 
The several acids produced according to Examples 2 

and 4 as well 'as their sulfones and 'sulfoxides can be 
converted‘ to useful products by ‘thiocyanoethylation. 
Thusythe acid chlorides or bromides can be reactedwith 
'2-thiocyanoet'hanol [Sergee'v and vKolychev, J. Gen. 
Chem. (U.S.S.R.‘) 7: ‘1390-6 v‘(l-937); CA. 3222534 
(1938)], to form 2-thiocyanoethyl-_Ai1(5)'“16,_7rdil1ydro 
thianaphtheneacetate, 2fthiocyanoe'thyl- 76,7-‘jrlih3fdro-4 
thianaphtheneacetate, ‘and i2~thiocyanoethyl ‘4-‘thian'aph 
theneacetate and the ‘sulfones and sulfoxides thereof, all 
of which are effective as contact insecticides. 
dusting powders and aqueous dispersions and like formu 
lations well known in the agricultural art, they can be‘ 
used in the like applications and formulations for which 
2-thiocyanoethyl laurate and like known esters are com 
monly used. 

Example 6.——4-thianaphtheneacetiyl chloride 
A mixture of 100 milliliters of thionyl chloride and 

19.2 grams (0.1 mole) of 4-thianaphtheneacetic acid is 
re?uxed until the evolution of hydrogen chloride and 
sulfur dioxide ceases. The excess thionyl chloride is 
removed by distillation, leaving crude 4-thianaphthene» 
acetyl chloride as a residue. The crude product can be 
used for reaction purposes, such as with alcohols, 

In suitable . 
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amines, and ammonia, to produce esters and amides, or .75 

if desired the crude lcanbe‘ puri?ed by vacuum 
tion. ~ 

By replacing ‘the 4-thianaphtheneaeetic acid: the‘, above example, by the ‘acids, of Example 2, "there are ? 
obtained 6,7-dihydroe4-thianaphtheneacetyl chloride and. 
A46)"K6,7-dihydro-4-thianaphtheneacetyl chloride. Also 
by substituting thionyl bromide for thionyl chloride 
there are obtained the corresponding acid bromides; 
By reacting the above 4-thianaphtheneacetyl halides ' 

in an appropriate :s’olvent, with gentle heating .ifvneces 
sary, with methanol, ethanolQn-propanol, isopropanol, 
n-butanol, sec~butanol, 3-methyl-1-butanol, l-methyl-l 
butanol, n-hexanol, 2~ethyl-1-'hexanol, 2-methoxy-, ~2 
ethoxy-, 2-butoxy-, 2-(2-butoxyethoxy), and 2-(2-ethoxy-. 
ethoxy)-ethanols, benzyl alcohol, methylamine, ethyl 
amine, n-propylamine, isopropylamine, n-butylamine, sec 
butylamine, 3-methyl-1-butylamine, _1-rnethyl-1'-butyl 
amine, n-hexylaniine, 2-'et'hyl-1-hexyla1nine,'f2-methoxy-, 
2-ethoxy-, 2-butoxy-, 2-(2-Ybutoxyeth0XY)- and 2-(2-, , 
ethoxyethoxy)-ethylamines, and benzylamine“ as well as’ 
dimethylamine, diethylamine, "di- 11 - propylamine, diiso- _ 
propylamine, N~methyl-n~propylamine, piperidine, pipec 
olines, morpholine, pyrrolidirie, ethanolamine, die-thanol-. 
amine, tris(hydroxymethyl)methylamine, ‘bis[tris(hy 
droxymethyl)methyl]amine, Z-ainino-l-butanol, Z-amino: 
2-ethyl-l,3-propanediol, 2-aminoé2-methyl -/1 - propanol, 
ethylene ‘ glycol, 2-thiocyanoethanol, . "ethylenjediamine; 
and the like, there are obtained the correspondingesters» 
and secondary and't'ertiary amides. '- 'l ' I _ 

It'is ‘to be understood that'the invention'is‘not' it) be 
limited to the exact detailsjdf operation or exact com 
pounds 'shown'__and described, as obvious modi?cations . 
.and equivalents will be fappa‘rent'to ‘one skilled in'the art,’ 

for ?fteen minutes and then evaporapted to dryness.‘ 1 "and the invention is therefore to-be limited °n1_Y_‘?,Y. til-e _ 
scope of the appended .‘i'claims. f 
We claim: ‘ 

1'. The process which comprises converting I6‘,7I-di- I 
hydro-4(5)-thianaphthenone by means ofa Reformatzky 
reactionwith a haloacetic acid ester in the presence of 
zinc to a mixture of _;the corresponding esters of 
6,7-dihydro-4-thianaphtheneacetic, acid and A4'(5)»°-6,7-.di 
hydrothianaphtheneacetic acid. " ' 

2. The process which comprises converting .. 6,7-‘di-i V 
hydro-4(5)-thianaphthenone by means of a Reformatzky' ., 
reaction with a haloacetic acid ester in the presence of 
zinc to \a mixture of the corresponding esters of 

' 6,7-dihydro-4-thianaphtheneacetic acid and A4(5)'“-6,7-di 
hydrothianaphtheneacetic acid and dehydrogenating said 
mixture tov the corresponding ester of 4-thianapht'hene 
acetic acid. ,I i 

‘3. The process which comprises fconverting "6,,7-"di 
hydro-4(5)-thianaphthenone by means of a’Reformatiky > I‘ 
reaction with a haloacetic acid’ ester in the presence of 

zinc to a mixture of the corresponding esters of [ 6,7-dihydro-4-thianaphtheneacetic acid and A4(5)’“-6',7-di- -, - 

“ hydrothianaphtheneace‘tic acid, dehydrogenating said mix- _ V. ' 

- ture, and hydrolyzing the resulting ester of 4-thianaph-1 Y 
theneacetic acid to produce free 4-thianaplrtheneacetic 
acid. .1‘ i " ' 

4. The process which comprises converting .-6,7-di 
‘ hydro-4(5)-thianaphthenone bymeans of a Reformatzky reaction with a haloacetic acid ester in the presence of ' 

zinc to a mixture of the corresponding esters of 
6,7-dihydro-4-thianaphtheneacetic acid and A4(5>'“-6,7,-di 
hydrothianaphtheneacetic acid and hydrolyzingthe esters 
of said mixture to their respective acids. 

5. A compound selected from the class consisting of’ V ' 
compounds having the general formula; 

("JR-o o 0 R 

S 

and the sulfones and sulfoxides thereof in which'Ris ' i 
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selected from the class consisting of hydrogen, lower 
hydrocarbon radicals and lower alkoxyalkyl radicals. 

6. A compound having the formula: > 

CHz-COOH 

S 

7. A compound having the formula: 

(RH-C 0 o H 

s 

8. A compound having the formula: 

CHr-COOH 

%s 
O O 

9. 4-thianaphtheneacetic acid. 
10. Ethyl 4-thianaphtheneacetate. 
11. Sodium 4-thianaphtheneacetate. . 

12. Ethyl A46)-“-6,74dihydrothianaphtheneacetate. 13. Sodium {14(5)-“-6,7-dihydrothianaphthcneacetate. - 

14. Ethyl 6,7-dihydro-4-thianaphtheneacetate. ' 
15. Sodium 6,7-dihydro-4-thianaphtheneacetate. 
16. A process which comprises heating a compound 

selected from the group consisting of: 
CHr-OOOR 

S. 

and 
(RHCOOR 

5 

wherein R is selected from the group consisting of hydro 
gen, lower hydrocarbon radicals, and lower alkoxyalkyl 
radicals with a dehydrogenation agent to form a com 
pound having the formula: 

GHzC 00B 

5 

wherein R is as speci?ed above. 
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' koxyalkyl radicals in 

8 
17. A process which comprises reacting a compound 

having the formula: 

8 

with a haloacetic acid having the formula: 

XCHQCOOR’ 
wherein X is halogen and R’ is selected ?om the group 
consisting of lower hydrocarbon radicals and lower al 

the presence of zinc in a Refor 
matzky reaction, heating a compound selected from the 
group consisting of the product obtained, in said Refor 
matzky reaction and the free acid thereof with a de 
hydrogenating agent to form a compound having the 
formula: 

011100012. 

8 

wherein R is selected from the group consisting of hy 
drogen, lower hydrocarbon radicals, and lower alkoxy 
alkyl radicals. 

18. A member selected from the group consisting of 
"compounds having the general formula: 

CHr-Z 

Cl 
" and the sulfones and sulfoxides thereof in which Z is 
‘selected from the class consisting of -COOR, 

-—CO0M, —-COOAm, and --COX wherein R is selected 
from the group consisting of hydrogen, lower-hydrocar 
bon radicals, and lower-alkoxyalkyl radicals; R’ and R" 
are selected from the group consisting of hydrogen, low 
er-hydrocarbon radicals, lower-alkoxyalkyl radicals, low 
er-hydroxyalkyl radicals, and groups forming with the 
nitrogen atom a ring selected from the group consisting 
of piperidine, pipecoline, morpholine and pyrrolidine; M 
is a metal cation; Am 15 an ammonium cation; and X is 
halogen. 
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